Introduction
A literature survey reveals that hydrazonoyl halides are useful versatile precursors for synthesis of numerous heterocyclic compounds. Their chemistry has attracted the interest of many research groups all over the world. At present, there are several review articles by Shawali et al. covering their reactions and applications [1] [2] [3] [4] [5] [6] [7] [8] [9] . Also, literature reports indicate that many pyrazole derivatives found use in various pharmaceutical, agrochemical and many other applications [10] [11] [12] [13] [14] [15] [16] [17] . In the light of these facts and in conjunction with our ongoing studies of the chemistry of hydrazonoyl halides, it was thought interesting to study the 1,3-dipolar cycloaddition of the nitrilimines derived from hydrazonoyl halides to the enamino ester, namely (E)-ethyl 3-(dipropylamino)-acrylate 1, which has not been reported hitherto. Our objectives after such a study are on one hand to explore the utility of the resulting pyrazole cycloadducts (4a-k, 5a-d), expected from the target reaction (Scheme 1) in synthesis of new functionalized 3,4'-bis(pyrazolyl)ketones 9 and 10 (Scheme 2 and 3) and on the other hand to explore the site selectivity in hydrazinolysis of the latter heterocyclic compounds 9.
Experimental

Instrumentation
All melting points were determined on an electrothermal Gallenkamp apparatus and are uncorrected. Solvents were generally distilled and dried prior their use. The IR spectra were measured on a Pye-Unicam SP300 instrument in potassium bromide discs. The 1 H and 13 C NMR spectra were recorded on a Varian Mercury VXR-300 spectrometer (300 MHz for 1 H NMR and 75 MHz for 13 C NMR) and the chemical shifts were related to that of the solvent DMSO-d6. The mass spectra were recorded on a GCMS-Q1000-EX Shimadzu and GCMS 5988-A HP spectrometers, the ionizing voltage was 70 eV. Elemental analyses of the products were carried out at the Microanalytical Center of Cairo University, Giza, Egypt. Hydrazonoyl halides were prepared following literature procedures [18] [19] [20] [21] [22] [23] [24] . DMF-DMA, dipropylamine and ethyl propiolate were purchased from Merck Company. added triethylamine (1.0 g, 10 mmol) and the reaction mixture was refluxed for 4 h, then the solvent was distilled under reduced pressure. To the residue left, ethanol was added and the solid produced was collected and crystallized from the appropriate solvent to give the corresponding pyrazole derivative. The compounds prepared together with their physical constants are given below (Scheme 1). 
Synthesis
Preparation of (E)-ethyl 3-(dipropylamino)acrylate (1)
H
Ethyl 3-acetyl-1-(4-nitrophenyl)-1H-pyrazole-4-carboxylate
Synthesis of 2-aryl-7-substituted-2H-pyrazolo[3,4-d] pyridazin-4(5H)-ones (7a-k)
A mixture of the appropriate ethyl 1-aryl-3-substituted-1H-pyrazole-4-carboxylate 4a-k (3 mmol) and hydrazine hydrate (13 g, 3 mmol) in ethanol (30 mL) was refluxed 1 h and then cooled. The product that was separated was filtered off and crystallized from the appropriate solvent to give the corresponding product 7. The compounds prepared together with their physical constants are listed below (Scheme 2). ethyl 3-(3-(dimethylamino)acryloyl)-1-(4-nitrophenyl)-1H-pyrazole-4-carboxylate (8) To a solution of ethyl 3-acetyl-1-(4-nitrophenyl)-1H-pyrazole-4-carboxylate 4a, (6 g, 20 mmol) in dioxane (50 mL), DMF-DMA (2.36 g, 20 mol) was added. The reaction mixture was refluxed for 6 h and then cooled to room temperature. The solid that precipitated was filtered off and crystallized from acetonitrile to give the enaminone 8 ( 
7-Methyl-2-(4-nitrophenyl)-2H-pyrazolo[3,4-d]pyridazin-4(5H)-one
2-Phenyl-7-(thiophen-2-yl)-2H-pyrazolo[3,4-d]pyridazin-4(5H)-one
4(7) R Ar a CH3 4-NO2-C6H4 b 2-Thinyl C6H5 c 2-Thinyl 4-Cl-C6H4 d 2-Thinyl 4-NO2-C6H4 e C6H5 C 6H5 f C6H5 4-CH3-C6H4 g C6H5 4-Cl-C6H4 h 2-Naphthyl C6H5 i 2-Naphthyl 4-CH3-C6H4 j 2-Naphthyl 4-Cl-C6H4 k 2-Naphthyl 4-NO2-C6H4
7-Phenyl-2-(p-tolyl)-2H-pyrazolo[3,4-d]pyridazin-4(5H)-one
Synthesis of (E)-
Synthesis of ethyl 3-(1-aryl-3-substituted-1H-pyrazole-4-carbonyl)-1-(4-nitrophenyl)-1H-pyrazole-4-carboxylates (9a-c, 10a-c)
To a mixture of the appropriate hydrazonoyl halide 2e, 2h, 2l and 3a-c (3 mmol) and (E)-ethyl 3-(3-(dimethylamino) acryloyl)-1-(4-nitrophenyl)-1H-pyrazole-4-carboxylate 8 (1.07 g, 3 mmol) in dioxane was added triethylamine (0.6 g, 6 mmol) and the mixture was refluxed for 5 h, then cooled. The triethylamine hydrochloride that precipitated was filtered off. The filtrate was distilled under reduced pressure and the residue left was triturated with ethanol (15 mL) and the solid that produced was collected and crystallized from the appropriate solvent to give the corresponding bis-3,4'-pyrazolyl derivative. The compounds prepared together with their physical constants are listed below (Scheme 3). ( 2-(4-nitrophenyl)-7-(1-phenyl-3-substituted-1H-pyrazol-4-yl)-2H-pyrazolo[3,4-d]pyridazin-4(5H)-ones (11a-c, 13a-c) General procedure: A mixture of the appropriate ethyl 3-(1-aryl-3-substituted-1H-pyrazole-4-carbonyl)-1-(4-nitrophenyl)-1H-pyrazole-4-carboxylate 9(10) (3 mol) and hydrazine hydrate (5 mL, 99%) was refluxed for 3 h and then cooled. The solid that precipitated was collected, washed with hot ethanol and finally crystallized from the appropriate solvents. The compounds 11a-c and 13a-c prepared together with their physical constants are listed below (Scheme 4 and 5). ( [3,4-d] [3,4-d] 
Ethyl 3-(3-benzoyl-1-phenyl-1H-pyrazole-4-carbonyl)-1-(4-nitrophenyl)-1H-pyrazole-4-carboxylate
Ethyl 3-(3-(2-naphthoyl)-1-phenyl-1H-pyrazole-4-carbonyl)-1-(4-nitrophenyl)-1H-pyrazole-4-carboxylate
Ethyl 3-(3-acetyl-1-phenyl-1H-pyrazole-4-carbonyl)-1-(4-nitrophenyl)-1H-pyrazole-4-carboxylate
E)-Ethyl 1-(4-nitrophenyl)-3-(1-phenyl-3-styryl-1H-pyrazole-4-carbonyl)-1H-pyrazole-4-carboxylate
Ethyl 3-(3-(furan-2-yl)-1-(4-nitrophenyl)-1H-pyrazole-4-carbonyl)-1-(4-nitrophenyl)-1H-pyrazole-4-carboxylate
Ethyl 1-(4-nitrophenyl)-3-(1-(4-nitrophenyl)-3-(thiophen-2-yl)-1H-pyrazole-4-carbonyl)-1H-pyrazole-4-carboxylate
Synthesis of
7-(3-Benzoyl-1-phenyl-1H-pyrazol-4-yl)-2-(4-nitrophenyl)-2H-pyrazolo[3,4-d]pyridazin-4(5H)-one
7-(3-(2-Naphthoyl)-1-phenyl-1H-pyrazol-4-yl)-2-(4-nitro phenyl)-2H-pyrazolo[3,4-d]pyridazin-4(5H)-one
7-(3-Acetyl-1-phenyl-1H-pyrazol-4-yl)-2-(4-nitrophenyl)-2H-pyrazolo[3,4-d]pyridazin-4(5H)-one
E)-2-(4-Nitrophenyl)-7-(1-phenyl-3-styryl-1H-pyrazol-4-yl)-2H-pyrazolo[3,4-d]pyridazin-4(5H)-one
7-(3-(Furan-2-yl)-1-(4-nitrophenyl)-1H-pyrazol-4-yl)-2-(4-nitrophenyl)-2H-pyrazolo
2-(4-Nitrophenyl)-7-(1-(4-nitrophenyl)-3-(thiophen-2-yl)-1H-pyrazol-4-yl)-2H-pyrazolo
Synthesis of (E)-7-(2-(dimethylamino)vinyl)-2-(4-nitro phenyl)-2H-pyrazolo[3,4-d]pyridazin-4(5H)-one (14)
To a solution of 7-methyl-2-(4-nitrophenyl)-2H-pyrazolo [3,4-d] pyridazin-4(5H)-one, 7a (2.71 g, 0.01 mol) in dioxane (50 mL), was added dimethylformamidedimethylacetal (1.2 g, 0.01 mol). The reaction mixture was refluxed for 10 h and then cooled to room temperature. The solid that was formed was filtered off and crystallized to give the enamine 14 (Scheme 6 
Alternate synthesis of 11a and 13c
To an equimolar mixture of the enamine 14 and the hydrazonoyl chloride 2l (5 mmol each) in dioxane (50 mL) was added triethylamine (0.6 g, 5 mmol) and the reaction mixture was refluxed for 8 h, then the solvent was distilled under reduced pressure. To the residue left was triturated with ethanol and the solid formed was collected and crystallized from DMF to give a product that proved identical in all respect (M.p., Mixed m.p., IR, 1 H NMR and elemental analysis) with 11c obtained above from 9c and hydrazine hydrate.When the above procedure was repeated using the hydrazonoyl chloride 3a in lieu 2l, the product obtained proved to be 13a identical in all respect with that one obtained from reaction of 10a with hydrazine hydrate.
Results and discussion
The target new enamino ester 1, which has not been reported hitherto, was prepared in this study by reaction of dipropylamine with ethyl propiolate in methanol at room temperature (Scheme 1). Its structure was verified by elemental analysis and spectroscopic methods (IR and NMR) (see Experimental). For example, its 1 H NMR spectrum displayed a quartet and triplet signals at δ 1.15 and 4.02 due to the CH3CH2OCO group, two doublet signals at δ 4.42 and 7.36 with coupling constant J = 13 Hz assignable to the two olefinic protons. The latter coupling constant value indicates that the enamino ester prepared exists predominantly in the Econfiguration. In addition to such signals, the 1 H NMR spectrum reveals three signals at δ 0.79 (6H), 1.47 (4H) and 2.97 (4H) assignable to the resonances of the protons of the (CH3CH2CH2)2N-moiety.
Next, the reactions of the enamino ester 1, as a dipolarophile, with various nitrilimines, generated in situ by dehydrohalogenation of the respective N-aryl hydrazonoyl halides were examined. Thus, in our hands, reaction of compound 1 with each of compounds 2a-k in refluxing dioxane in the presence of triethylamine yielded, in each case, a single product that was identified, on the basis of its elemental analysis and spectral (IR, NMR and MS) data as the corresponding ethyl 1-aryl-3-substituted-1H-pyrazole-4-carboxylate 4a-k (Scheme 1).
Similar reactions of compound 1 with the halides 3a-d under the same conditions afforded regioselectively the pyrazole derivatives 5a-d (Scheme 1). The other possible regioisomeric structure namely ethyl 1-aryl-3-substituted-1H-pyrazole-5-carboxylate 6 was discarded. This is because the 1 H NMR spectra of the products 4(5) isolated showed in each case a singlet signal in the region δ 8.60-9.22, which corresponds to H-5 of the pyrazole ring residue in the products. This assignment is consistent with literature reports which indicate that in pyrazole derivatives, the signal of H-5 usually appears at δ 8.66-8.69 whereas that of H-4 appears at δ 5.81-5.89 [25] . The formation of compounds 4(5) rather than compound 6 indicates that the studied reaction of compound 1 with compounds 2(3) is regiospecific. To account for the formation of compounds 4(5), it is suggested, as depicted in Scheme 1 that the reaction of compound 1 with each of compounds 2 and 3 proceeds via 1,3-dipolar cycloaddition of the nitrilimine, derived from compounds 2(3), to the activated double bond in the enamino ester, 1, to give the respective cycloadducts which in turn undergo in situ elimination of dipropylamine to afford compounds 4(5) as the end products.
Scheme 6
The assigned structures 4 for the isolated products were further confirmed by their chemical reactions. For example, treatment of compounds 4a-k each with hydrazine hydrate in refluxing ethanol yielded in each case one product whose spectroscopic (MS, IR, NMR) and elemental analysis data were consistent with the structure of the corresponding 2-aryl-7-substituted-2H-pyrazolo [3,4- 
Condensation of the pyrazole derivative 4a with DMF-DMA in refluxing dioxane afforded the corresponding enaminone, 8 (Scheme 3). The structure of the latter enaminone was confirmed by its spectral and elemental analyses. For example, its IR spectrum showed C=O bands at ν 1700 and 1647 cm -1 . Its 1 H NMR spectrum revealed a singlet signal at δ 3.14 (6H) for the protons of the (CH3)2N-group, two characteristic doublets at δ 6.27 (d, 1H) and 8.76 (d, 1H) with coupling constant J = 13 Hz assignable to the two olefinic protons. This coupling constant value indicates that this enaminone, 8, has the indicated trans-configuration.
Similar to the enamino ester 1, the enaminone, 8, reacted with various hydrazonoyl halides 2e, 2h, 2l and 3a-c in refluxing dioxane in the presence of triethylamine and yielded the corresponding bis-3,4'-pyrazolyl ketones, 9a-c and 10a-c (Scheme 3). The structures of the latter products were established by their spectral and elemental analysis data (see Experimental).
Next, hydrazinolysis of the products 9 was studied to shed some light on its site selectivity as it can theoretically lead to the formation of the products 11 and/or 12 (Scheme 4). When each of compounds 9 was refluxed with hydrazine hydrate in ethanol, it yielded chemoselectively a single product in each case as evidenced by TLC analysis of the crude product. The isolated products proved to be the corresponding 2-(4-nitrophenyl)-7-(3-aroyl-1-phenyl-1H-pyrazol-4-yl)-2H-pyrazolo [3,4-d] pyridazin-4(5H)-one, 11, (Scheme 4). The structures of the latter products 11 were established on the basis of their spectral and elemental analysis data (see Experimental). For example, the IR spectra of products 11 revealed two C=O bands near ν 1697 and 1665 cm -1 in addition to NH band at ν 3240 cm -1 . Their 1 H NMR spectra revealed the absence of the triplet and quartet signals characteristic of the ester group, -COOCH2CH3.
Similar treatment of compounds 10 with hydrazine hydrate in refluxing ethanol afforded the corresponding 2-(4-nitrophenyl)-7-(1-phenyl-3-substituted-1H-pyrazol-4-yl)-2H-pyrazolo [3,4-d] pyridazin-4(5H)-one, 13 (Scheme 5). The structures of the latter products were established by their spectral and elemental analysis data (see Experimental).
To provide further evidence for the assigned structures of the products 11 and 13, they were prepared by an unambiguous alternate synthesis (Scheme 6). Thus, treatment of compound 7a with DMF-DMA in dioxane yielded the corresponding enamine14. Reaction of the latter with each of the hydrazonoyl chlorides 2l and 3a in dioxane in the presence of triethylamine afforded two products that proved identical in all respects with compounds 11c and 13a, prepared from hydrazinolysis of compounds 9c and 10a, respectively (Scheme 4 and 5).
Conclusion
In summary, ethyl 3-(dipropylamino)acrylate and C-acyl nitrilimines proved useful precursors for synthesis of 3,4-bis-(functionalized carbonyl) derivatives of pyrazole 4 and 3,4'-bis-(pyrazolyl) ketones, 9(10). In addition, reaction of 4 with hydrazine hydrate afforded the corresponding pyrazolo [3,4-d] pyridazin-4(5)-ones, 7. Similar hydrazinolysis of 9(10) proved to be site selective as it yielded the corresponding 7-substituted-2H-pyrazolo [3,4-d] pyridazin-4(5)-ones, 11 (13) .
